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DETAILED ACTION 
Claim Objections 

1 . Claim 1 is objected to on the basis of minor informalities. The phrases referring to 
"sacrificial dielectric decomposition," in the recited phrases, "decomposing portions of the 
sacrificial dielectric material to form sacrificial dielectric decomposition," and "removing 
portions of the sacrificial dielectric decomposition," are both ambiguous and lack clarity 
in further limiting the claim. Correction or clarification is required. 

2. Claim 20 is objected to on the basis of minor informalities. The phrase, "....wherein 
the contact structure metallic C4 structure," \s unclear as to meaning. It appears that a 
simple omission may be present. Correction is required. 

Claim Rejections - 35 U.S.C. 102 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form 
the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed in the 
United States before the invention by the applicant for patent or (2) a patent granted on an application for patent by 
another filed in the United States before the invention by the applicant for patent, except that an international application 
filed under the treaty defined in section 351(a) shall have the effects for purposes of this subsection of an application filed 
in the United States only if the international application designated the United States and was published under Article 
2 1 (2) of such treaty in the English language. 

4. Claims^ are rejected under 35 U.S.C. 102(e) as being anticipated by Grill et al. 
(US 6,413,852 B1). 
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5. Regarding Claim 1 , Grill et al. disclose a method of forming an air gap interconnect 
structure wherein a multilayer interconnect is present adjacent to a substrate layer (100) 
(Figure 1E) with conductive layers (185) positioned in two conductive vertical series with 
the conductive vertical series isolated from each other by dielectric material (1 10,120,130, 
140) (Figures 1A- 1E) with a protective (masking) layer formed adjacent the interconnect 
(Col. 5, lines 25 - 31) that is patterned to expose portions of the sacrificial dielectric mater- 
ial (columns adjacent to cavities 150,160), whereupon, the portions of dielectric are 
removed to form air gaps (190) between the conductive layers. 

6. Regarding Claim 2, Grill et al. disclose the formation of a multi-layer interconnect, com- 
prising forming a first layer of sacrificial dielectric material (1 10,120,130,140) (Figures 
1A.1B) with trenches (150,160) (Figure 1C) formed in the dielectric, whereupon the 
trenches are filled with conductive layers (185) isolated from each other by sacrificial 
dielectric material (Figure 1 E). Grill et al. further disclose forming a second layer of sacri- 
ficial dielectric material (HO',120',140') (Figure 1J) (Col. 6, lines 61 - 66) adjacent the 
conductive layers and overlying the first dielectric layer wherein trenches are formed in the 
second layer and filled with conductive material (1 85') (Figure 1 L) to form two additional 
layers isolated from each other by a sacrificial dielectric layer (220'). 

7. Regarding Claim 3, Grill et al. disclose the formation of two conductive layers in each 
conductive vertical series. 
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8. Regarding Claims 4 and 5, Grill et al. disclose that decomposing comprises removing 
substantially all of the dielectric material between each (Figures 1F.1K) of the vertical 
series. 

9. Regarding Claims 6 and 7, Grill et al. do not explicitly disclose that hydrofluoric acid and 
water are used to decompose or remove dielectric material, however, Grill et al. do disclose 
that etchback may include wet etching (Col. 5, lines 64 - 67). Since the dielectric layers 
include silicon dioxide (Col. 4, lines 63 - 67), it is inherent that an etchant such as HF and 
water would be used in removal. 

10. Regarding Claim 8, Grill et al. disclose that the removal of dielectric layers comprises 
introducing a carrier plasma (Col. 5, lines 64 - 66). 

1 1 . Regarding Claim 9, Grill et al. disclose that the conductive layers are formed of copper 
(Col. 5, lines 41 -43). 

12. Regarding Claim 10, Grill et al. disclose that the sacrificial dielectric material is com- 
posed of silicon dioxide (Col. 4, lines 63 - 67). 

13. Regarding Claim 12, Grill et al. disclose the formation of vertical support structures 
(210) (Figure 1G) (Col. 6, lines 22-27) peripheral to the conductive vertical series. 



14. Regarding Claims 13-15, Grill et al. disclose the presence of a capping layer (250) 
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atop the conductive layers and support structures (Figure 1 M) of the most highly positioned 
conductive layers, wherein three capping layers are present, each adjacent to the other 
(Col. 7, lines 10-16). 

15. Regarding Claim 16, Grill et al. disclose the formation of a contact structure (290) 
(Figure 3A) through the protective and capping layers to the underlying conductive layer. 

16. Regarding Claims 17 - 19, Grill etal. disclose (Col. 7, lines 10 - 16) (Col. 4, line 63 
through Col. 5, line 15) that the first and third layers comprise polyimide and the second 
layer comprises silicon dioxide. 

17. Regarding Claim 21 , Grill et al. disclose an air gap interconnect structure comprising 
a substrate layer and two conductive vertical layers (Figure 3A), each conductive vertical 
series comprising a plurality of conductive layers, where the vertical series are isolated 
from each other by air gaps defined at the side walls. 

18. Regarding Claim 22, Grill et al. disclose that vertical support structures (210) (Figure 
3A) are present peripheral to the conductive vertical series and a capping layer (250) ad- 
jacent to and above the upper surfaces of the vertical support structures and conductive 
vertical series (Figure 1 M and 10). 



19. Regarding Claim 23, Grill et al. disclose (Figure 3A) that each vertical series comprises 
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two conductive layers. 

20. Regarding Claim 24, Gri!! et a!, disclose vertical support structures (210) peripheral to 
the conductive vertical series (Figure 3A) where the support structures protrude slightly 
more than the uppermost conductive layer (right side, Figure 3A), as shown in the detailed 
cross section of Figure 5A, wherein the structure, 210, is slightly elevated above the con- 
ductive layer. 

21 . Regarding Claim 25, Grill et al. disclose the presence of a contact structure (290) 
(Figure 3A) extending through the capping layers to contact an underlying conductive layer. 

Claim Rejections - 35 U.S.C. 103 

22. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obvious- 
ness rejections set forth in this Office Action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 102 
of this title, if the differences between the subject matter sought to be patented and the prior art 

are such that the subject matter as a whole would have been obvious at the time the invention was made to a person having 
ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the manner in which 
the invention was made. 

23. Claim 11 is rejected under 35 U.S.C. 103(a) as being unpatentable over Grill et al., as 
applied to Claims 1 - 10, 12 - 19, and 21 - 25, and further in view of Hsue et al. (US 6,696, 
222 B2). 

24. Regarding Claim 1 1 , Grill et al. do not disclose the presence of a silicon carbide pro- 
tective layer. Hsue et al. disclose the presence of a sealing (protective) layer (52) atop a 
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conductive layer (Figure 1 L) and composed of silicon carbide. Therefore, it would have been 
obvious to one of ordinary skill in the art at the time of the invention to combine Hsue et al. 
with Grill et al. to obtain a stable diffusion barrier and sealant layer. 

25. Claim 25 is rejected under 35 U.S.C. 103(a) as being unpatentable over Grill et al., as 
applied to Claims 1 - 10, 12 - 19, and 21 - 25, and further in view of Greer (6,689,680 B2). 

26. Regarding Claim 25, Grill et al. do not disclose the use of a C4 contact on the device 
structure. Greer discloses the use of C4 bump contacts (510) (Figure 5) on a contact 
structure. It would have been obvious to one of ordinary skill in the art at the time of the 
invention to combine Greer with Grill et al. to obtain a compatible bump contact for connec- 
tion to external sources. 



27. Any inquiry concerning this communication or earlier communications from the 
Examiner should be directed to Thomas Magee, whose telephone number is (571) 272 
1658. The Examiner can normally be reached on Monday through Friday from 8:30AM 
to 5:00PM (EST). If attempts to reach the Examiner by telephone are unsuccessful, the 
examiner's supervisor, Eddie Lee, can be reached on (571) 272-1732. The fax 
number for the organization where this application or proceeding is assigned is (703) 
872-9306. 

Thomas Magee " ■, 

March 25, 2004 P- , — 



Conclusions 




